Localized viral vector delivery to enhance in situ regenerative gene therapy.
A lyophilization method was developed to locally release adenoviral vectors directly from biomaterials for in situ regenerative gene therapy. Adenovirus expressing a beta-galactosidase reporter gene (AdLacZ) was mixed with different excipient formulations and lyophilized on hydroxyapatite (HA) disks followed by fibroblasts culturing and 5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside (X-gal) staining, suggesting 1 M sucrose in phosphate-buffered saline had best viability. Adenovirus release studies showed that greater than 30% virus remained on the material surface up to 16 h. Lyophilized adenovirus could be precisely localized in defined patterns and the transduction efficiency was also improved. To determine if the lyophilization formulations could preserve viral bioactivity, the lyophilized AdLacZ was tested after being stored at varying temperatures. Bioactivity of adenovirus lyophilized on HA was maintained for greater than 6 months when stored at -80 degrees C. In vivo studies were performed using an adenovirus encoding BMP-2 (AdBMP-2). AdBMP-2 was lyophilized in gelatin sponges and placed into rat critical-size calvarial defects for 5 weeks. Micro-computed tomography (micro-CT) analysis demonstrated that free-form delivery of AdBMP-2 had only modest effects on bone formation. In contrast, AdBMP-2 lyophilized in gelatin sponges led to more than 80% regeneration of critical-size calvarial defects.